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MUFITT CaM5 KIARFI BT =X HE A R4 GG 1k
i) Al

R, REW, THRE, AR, WM, AE¥, HKE

MR R, | AREEWIERE S 7 TR E AR E, T 510006)

FE: 58T (Ca)/F % (calmodulin, CaM){5 5 & SHEYIE K & & AU Hb S5 N5 . U rd I¥ (Adrabidopsis thaliana)
CaM FIRIAH 7 N, s & AR 2RI 7 ) B RS . %0 B I B BE U S8 SRS B i 77k, it
CaMS5 1 2 AN BYEfR CaM5.1 Fl CaM5.3 JEAT & (1 45 Gl M 20 AT - 45 S W, 0B 9145 IR % 45 & &K I (calmodulin-binding protein,
CaMBP) IQM3 (IQ motif-containing protein 3)AE7EEERFH 5Bk CaM5.3 M1 CaM FKIRHI K A& & . WG B Wik,
CaMS5.3 [t CaM5.1 A CaM WAL T 2 H 1 N 35 ANEFEIRTRIE A B C-FK i /751 (C-terminal domain, CTD), T] g5
M CaM5.3 5 IQM3 454 . £ CaM5.1 B C-A i CML10 K CTD, K EMAEH S IQM3 #7454, IFsZ CaMS.3 1) CTD
FERCIH 5 IQM3 25 & OGP 4. BRI, SR TT CaMS IANR BT He 7 Ao m AR (4 & aTE, AU R KSR &
HAMGGTEERMES% .

RKegiA: iR BB IQM3: ARSI TE
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Effects of Different Alternative Splicing of Arabidopsis CaMS5S on Its
Protein-binding Activity

LI Shugiang, YU Jieyu, WANG Yunhui, LU Tianxiao, FAN Tian, ZHOU Yuping, TIAN Chang’en”

(Guangdong Provincial Key Laboratory of Plant Adaptation and Molecular Design, School of Life Sciences, Guangzhou University, Guangzhou 510006, China)

Abstract: Calcium (Ca?")/calmodulin (Cam) signals are involved in the regulation of plant growth and
development and response to external stimuli. The Arabidopsis thaliana contains seven genes in CaM family,
which encoding proteins with highly conserved amino acid sequence. The protein binding activities of CaM5
splicosomes CaM5.1 and CaM 5.3 were analyzed by yeast two-hybrid and bioinformatics analysis. The results
showed that the Arabidopsis calmodulin-binding protein (CaMBP) IQM3 (IQ motif-containing protein 3) could
bind to members of CaM family except CaM5.3 in yeast. The bioinformatic analysis revealed that CaM5.3 had
one more C-terminal domain (CTD) consisting of 35 amino acid residues than CaM5.1 and other CaM subtypes,
which might affect the binding of CaM5.3 to IQM3. CTD of CML10 was added to the C-terminal of CaM5.1, the
recombinant protein was binded to IQM3, confirming that CTD of CaM5.3 was the key sequence affecting its
binding to IQM3. Therefore, different splicing modes of CaM5 in A. thaliana affect its protein-binding activity,
which providing reference for studying the binding activities of calmodulin and calmodulin-binding proteins.
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GBS (Ca®HME N HE A N 1) — P 28 — (54,
FEIS 725 F R BE AT S 15 5 o 8515 5 E IR |
AT E AL BAR e, R IERAR N SRS 4
i e 7 R S PR 2R A ) A 5 2 — T

PEN—FE BN Ca> K2 2%, 851 & (calmo-
dulin, CaM)& HAZAEMRFA « MRS B 2 AAER)
Ca¥'45i & H, B 4 Mg Ca®'454 1) EF-hand? >,
2 Ca?' 5 CaM 45 &1}, CaM 4 F KA G AL, 4k
-5 EbREs A AR E 5. e 5 CaM 455 1IHEkR
RN R 25 45 A B 11 (CaM-binding protein, CaMBP),
R4 5 CaM &5 G 12T 752 Ca, ol I H N
Ca” fRIFAA Ca” A AL, #5 Poovaiah S5O
11, $UFE I (Arabidopsis thaliana)+H 2 /0 F 500 4
CaMBP,

TEFEYI R, CaM 2 — -l B 28 — {54,
Z: 5 4 K E AN A1 S e 2 ) SR T
HILH 7 A CaM FED, Gt 4 Fh22 gt CaM LY
(CaM1/4. CaM2/3/5. CaM6 f1 CaM7)"; A[F A
] R D H AN FRERTRIEAFBL, CaM 4T 5%
)T RERFF @A IR, AT RE 1K
5 L[R5 5 53¢ 22 A B DRIOR DR R v 1 22 DR SR Ak 7K P,
B & CaM KRB A & B A F 1R 2 D el
I, W AN F CaM R B 546 S DhRe R = [[], xT T
] B CaM S5 IR 1R 3 A, 2 SO ) b 38 5 (R 2 [ D g
KAFHERBEZ L,

TP 2 A AE K B AN R 0 H N & - TRl &
MY R W R R, — AN PRIAEAS [R] I 2 B E AN [R]
A AN P2 A2 AN TR mRNA, 35110 77 A AN [R]85 1 1
77 PR N B4 B 2 (alternative splicing, AS), 7] 5
FIERINRER 2 REMEDO, R I ) AS RAVH I
T IRER (L 40%) MEFEPE 5B 3BT 1 (2) 23%).
HMEF BRI (2 8%) /b B H AU, AS (1Y)
RERE N (1) BmEAMZEE; 2) dREN
IERAL T (3) TP /NI SR T8N s (4) A
W S R B s U AR T 08 FE (hteps://
www.arabidopsis.org/) ] &1, AtCaM5 [FIZEBRIT B4+
E2ANET, A2 FAREHE T, F2 M E
THERZIEENT. RE 2 NN E TR, e
ERIFERATZAL, P74 149 NEIEIRIRILI CaMS5.1;
WERE 2 NSRBI, W= AEEA 181 Mtk
PR RHEM] CaM5.3.

IQM K i /& — A& A 1Q 2 /7 1) CaMBP X
A, AT AR SR B, AR IS T = 45 & 8

IQM3 (IQ-motif containing protein 3)7] PA7E L4
frh 5 645 CaM5.1 £ CaM AR A S5, H
AR CaMS5.3 ity . CaM5 (L P BT 472 2
MR R E, #ENARA TR A AR TR, B, Bt
—H M CaM5.3 SN ER BB 45 S E It o &R

Fo L.
1 MR %

1.1 #¥

AT CDS sl S+ 44 Col () RNA
%% cDNA ¥73843%], pGBKT7 Jiiki. pGADT7
ki KIGFF B DHSa BERER AH109 3555050 =
TRAFs WM. mIRE Tag BE R EIGRF &
FRR R BGA & EH TaKaRa 5 AEY TRECKE)
AFE], RV E R R R A F, 5IE R
FOMFF IS5 AR T AR A B SE R
1.2 HiE
1.2.1 #pkp

HG, R ITEEE T, AR R S A
CDS, &itMx5I¥(E 1). Hk, LILETT cDNA
NS, Se IR Tag BEBEATH 39, 15 [R5
HEPH A Y 54 EcoR T 264k 8 AR 3E47 R U5
HH, 59158 pGBKT7-IOM3 F1 pGADT7-CaM1-7.
JE, HEH TR KA B DHSa, HREFH
TLlE, IRAETAYAF RN, SRR

CaM5.1-CTDcy10 B ARIIRI 3 : S50 9 A1 10
§94 CaMs.1 1) CDS, FH 5170 17 A1 18 4748 CMLI10
ff) CTD, #RJ5 514 9 F1 10, XF Likdy =4k ig
EYHEAT E S PCR 51, 55 FH [R5 2206
YIeEE] pGADTT #idk.
1.2.2 IQM3 & H #3E PRI 5% 5 BaE T b

) FH B FRAE (LA )VZ: il £ B2 BF AH109 252 2541
Mg o Kf pGBKT7-IQM3 H S Ak g R Jak 57 25 41
i, AT SD/-Trp £5773E LA # IQM3 851
# pGBKT7-IQM3 #1 pGADT?7 [FlINf #4540 BRI SZ 25
Y, AT SD/-Leu/-Trp 35953 b, FfJGHkeA R
YA T SD/-His/-Leu/Trp/-Ade & F5 B 1% 75 3L LA
3T IQM3 B35 F R L3 HT
1.2.3 FEREXUARAE 5

¥ pGBKT7-I0M3 4375 pGADT7-CaM1.1/2.1/
3.1/4.1/5.1/5.3/6.1/7.1/CaM5.1-CTD ey 10 [E1I i Ak %
RS SMML, 34T SD/-Leu/-Trp & FRELF
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Tablel Cloning primer sequences used in this research

LA Gene 4i'5 Code 5% Primer J7'5 No. 7%  Sequence (5'~3") "
CaM1 At5G37780.1 ADCaM1-F 1 gecatggaggcecagtgaattct ATGGCGGATCAACTCACTGACG
ADCaM1-R 2 atgcccaccegggtggaattcTCACTTAGCCATCATAATCTTGACAA
CaM2.1 At2G41110.1 ADCaM2-F 3 gecatggaggcecagtgaattct ATGGCGGATCAGCTCACAGA
ADCaM2-R 4 atgcccaccegggtggaattc TCACTTAGCCATCATAACCTTCACA
CaM3.1 At3G56800.1 ADCaM2-F 5 gecatggaggcecagtgaattct ATGGCGGATCAGCTCACCG
ADCaM2-R 6 atgcccaccegggtggaattcTCACTTAGCCATCATGACCTTAACA
CaM4.1 At1G66410.1 ADCaM4-F 7 gecatggaggecagtgaattc ATGGCGGATCAGCTAACTGATG
ADCaM4-R 8 atgcccaccegggtggaattt TCACTTAGCCATCATAATCTTGACAA
CaMs5.1 At2G27030.1 ADCaMS5.1-F 9 gecatggaggcecagtgaattct ATGGCAGATCAGCTCACCGATG
ADCaMS5.1-R 10 atgcccaccegggtggaattcTCACTTTGCCATCATAACTTTGA
CaMs5.3 At2G27030.3 ADCaM5.3-F 11 gecatggaggcecagtgaattct ATGGCAGATCAGCTCACCGATG
ADCaM5.3-R 12 atgcccaccegggtggaattc TCAGAGAATACGGCAGTGAC
CaMe.1 At5G21274.1 ADCaM6-F 13 gecatggaggcecagtgaattct ATGGCGGATCAGCTCACCG
ADCaM6-R 14 atgcccaccegggtggaattcTCACTTAGCCATCATGACTTTGACG
CaM7.1 At3G43810.1 ADCaM7-F 15 gecatggaggecagtgaattc ATGGCGGATCAGCTAACCG
ADCaM7-R 16 atgcccaccegggtggaattt TCACTTTGCCATCATGACTTTGA
CML10 At2G41090 CMLI10-F 17 AATCAAGGTCATGATACTAA
CML10-R 18 atgcccaccegggtggaattc TCAAGAAAACAACGCTTCGA
10M3 At3G52870 BDIQM3-F 19 atggccatggaggccgaattct ATGCAGGTAGTCTCGAGCT
BDIQM3-R 20 tcgacggatccecgggaattc TTAGACATCAAGCTTCCC

NG FREONEIR B, RE TR B

*: Small letters are vector fragment, capital letters are gene fragments.

F, B J5 Bk B R Y8 ¥ AT T SD/-His/-Lew/Trp/-Ade/+X-
o-gal B IRERIE S FREL, 30 CEIE I 4~5d. L5
HE 3K
1.2.4 EWER S
FIH Snapgene (4.2.4)% A4 71 ) “Align protein
sequence”-Clustal Omega 7% CaM1.1/2.1/3.1/4.1/
5.1/5.3/6.1/7.1 W ER 7 HIHEAT HLXS, 7414 i
CaM F IR SRR RAFFF(1/4. 64 7+ 2/3/5).
BN TE O R R B 5 F#0% %2 PDB (protein data
bank) (https://www.rcsb.org/)*F KK F| CaM5.3 )=
()28 44, P DAZETI0IN ) 25 1 250405 2 Alpha Fold Protein

& 1 1QM3 # (AR B S 4T (B). SD/-Trp: ik Trp AR5 973%; SD/-TLHA/: &t Trp. Leu. His fl Ade 5353k, T

SD/-TL

SD/-TLHA

Structure Database (https://alphafold.ebi.ac.uk/)#x#X,
ZE R, CaMS5.1 Fl CaMS5.3 #J Uniprot ID 435K
Q682T9 I FAIVNG.

2 GERAI

2.1 1QM3 & B B F 8 BUs 2

TR R AT I RO 28 S8, 1 a2
e 2w B A SR B aEE . Bk, 4
i pGBKT7-IOM3 #ifk, AT IQM3 tEHFHMENA
BRI M. B 1A T, pGBKT7-IOM3 K%

Fig. 1 Toxicity detection (A) and self-activation (B) of IQM3 protein. SD/-Trp: -Trp medium; SD/-TLHA/: -Trp-Leu-His-Ade medium. The same below
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FERFRERESE SD/-His HAEK, i8] IQM3 E A%
Atk B 1 B /W, FH A pGADT7 #l pGBKT7-
IOM3 W FE R REANREYE SD/-His/-Lew/Trp/-Ade/ I
AR, FE7R IQM3 BH B S TE M RIUE, pGBKT7-
10M3 W] FIT B BEXUR AE 534 o
2.2 IQM3 5 CaM KRB AR 531t

LR TT IQM FIE 6 MR ERE A 14 1Q 4
FPUSl, FEREBPRIR YA IQM1 i8I 1Q 7 5
CaMS5.1 251,y 1 i85 R ) 55— B ot IQM3
G MEA CaM g5EE M, 4T IQM3 5 CaM K
JRAS R) 2 53 (R B B U A A8 iR 56 . 45 SRR 8, 7E SD/
-Leu/-Trp $5 325, BT A& R8T B 7% (B
2), UtHIILFEAL T ; 7E SD/-His/-Leu/Trp/-Ade/+X-

o-gal F 353, B pGBKT7 735155 pGADT7-CaM1.1/
2.1/3.1/4.1/5.3/6.1/7.1/CaM5.3 {40 & R & 7 ) Al
pGBKT7-I0M3/pGADT7-CaM5.3 A %A KA
A, HAMAATER T H % HA A, UiE] IQM3
REfERERER 5 CaM1.1/2.1/3.1/4.1/6.1/7.1/45 45
2.3 CaM5.3 {I%¢ 5 CTD

TR CaM5.3 AR IQM3 4G 1R A, i3E
17T MAEMME B2 (ERRE T 5 2 T 3R
CaM5 1 2 A B EAR T4t (2 2R /7741 : CaM5.1
AT CaM5.3 R & BT 448 CaM5.2 BT H4K), 5 M
2R SR EL CaM S HA % 0 1) 28 35 18 41 gk A7
Eexf (B 3). 455 3RHH, CaM5.3 f£55 4 4~ EF-hand
AR A 1 AN 32 DN BRI IEH B C- K i [

SD/-TL

SD/-TLHA
/X-a-Gal

&2 1QM3 5 CaM FJE MR 5L EEREX A4S 501 SD/-TL:6k Trp #1 Leu (#3577 5E; SD/-TLHA/+X-0-Gal: ik Trp. Leu. His fll Ade, % X-a-Gal [1}s
FH. 1~7 5358 pGBKT7-IQM3 5 PGADT7-CaM1. CaM2. CaM3. CaM4. CaMS5.3. CaM6. CaM7. T[H
Fig. 2 Yeast two-hybrid analysis of IQM3 and CaM family members. SD/-TL: ~Trp-Leu medium; SD/-TLHA/X-a-Gal: ~Trp-Leu-His-Ade /+X-a-Gal medium.

1-7 are pGBKT7-IQM3 combined with PGADT7-CaM1, CaM2, CaM3, CaM4, CaM5.3, CaM6, CaM7, respectively. The same below

s ok ko koL sk ok ok ROk ok kR ok ok ok sk sk ok ok kol o ok ok sk sk ok ok ok s ok ok ok kol ok sk ok sk sk ok ok sk ook ok Rk ok ok ok ok R ok K

CaM1.1 MADQLTDEQISEFKEAFSLFDKDGDGCITTKELGTVMRSLIGQNPTEAELQDMINEVDADG 60
CaM4.1 MADQLTDEQISEFKEAFSLFDKDGDGCITTKELGTVMRSLIGQNPTEAELQDMINEVDADG 60
CaM6.1 MADQLTDDQISEFKEAFSLFDKDGDGCITTKELGTVMRSI/GQNPTEAELQDMINEVDADG 60
CaM7.1 MADQLTDDQISEFKEAFSLFDKDGDGCITTKELGTVMRSI/GQNPTEAELQDMINEVDADG 60
CaM2.1 MADQLTDDQISEFKEAFSLFDKDGDGCITTKELGTVMRSI|GQNPTEAELQDMINEVDADG 60
CaM3.1 MADQLTDDQISEFKEAFSLFDKDGDGCITTKELGTVMRSI/GQNPTEAELQDMINEVDADG 60
CaMs.1 MADQLTDDQISEFKEAFSLFDKDGDGCITTKELGTVMRSI/GQNPTEAELQDMINEVDADG 60
CaM53 MADQLTDDQISEFKEAFSLFDKDGDGCITTKELGTVMRSI|GQNPTEAELQDMINEVDADG 60
**************:******************************************:**
CaMl1.1 NGTIDFPEFLNLMAKKMKIDTDSEEELKEAFRVFDKDQNGFISAAELRHVMTNLGEKLTDE 120
CaM4.1 NGTIDFPEFLNLMAKKMKDTDSEEELKEAFRVFDKDQNGFISAAELRHVMTNLGEKLTDE 120
CaM6.1  NGTIDFPEFLNLMARKMKDTDSEEELKEAFRVFDKDQNGFISAAELRHVMTNLGEKLSDE 120
CaM7.1 NGTIDFPEFLNLMARKMKDTDSEEELKEAFRVFDKDQNGFISAAELRHVMTNLGEKLTDE 120
CaM2.1 NGTIDFPEFLNLMARKMKDTDSEEELKEAFRVFDKDQNGFISAAELRHVMTNLGEKLTDE 120
CaM3.1  NGTIDFPEFLNLMARKMKDTDSEEELKEAFRVFDKDQNGFISAAELRHVMTNLGEKLTDE 120
CaM5.1 NGTIDFPEFLNLMARKMKDTDSEEELKEAFRVFDKDQNGFISAAELRHVMTNLGEKLTDE 120
CaM53 NGTIDFPEFLNLMARKMKDTDSEEELKEAFRVFDKDQNGFISAAELRHVMTNLGEKLTDE 120
3k . %k %k ok . %k ok ok sk ok 3k ok ok ok ok kokokokokokok k. ok ok %k Xk
CaM1.1 [ EVEEMIREADVDGDGQINYEEFVK I MMAKV - - - - - - - -« o oo cemceeea oo 149
CaM4.1 | EVEEMIREADVDGDGQINYEEFVK I MMAK | - - - - = = = = = < === o mmmmm oo oo oo o 149
CaM6.1 | EVDEMIREADVDGDGQINYEEFVKVMMAK | - - - - - - -« =« o e cemmmmaaoooo oo 149
CaM7.1 | EVDEMIREADVDGDGQINYEEFVKVMMAK | - - - - - - - =« <« =« = s s s eemmeoee oo 149
CaM2.1 | EVDEMIKEADVDGDGQINYEEFVKVMMAKY - - - - - - = =« < === ===z mmm oo oo oo o - 149
CaM3.1 | EVDEMIKEADVDGDGQINYEEFVKVMMAKY - - - - - - - -« -« s s s e e mmmaacoooooo o 149
CaM5.1 | EVDEMIKEADVDGDGQINYEEFVKVMMAKY - - - - - - = =« <« =« = s s memmeeeee oo o 149
CaM5.3 | EVDEMIKEADVDGDGQINYEEFVKVMMAKRRGKRVMAAKRSSNSAEYKEKNGRRKSHCRI 180

& 3 T CaM FIEEIEER T RIVETE EEXt . Z0HE: EF-hand 57X *: s S RsFX; o MBUFES.

Fig. 3 Homology alignment of amino acid sequences of CaM family in Arabidopsis thaliana. Red box: EF-hand conserved region; *: Highly conserved

sequences; - : Similar sequences.



462 HAH W AR 27 #32%

%1)(C-terminal domain, CTD), H4&F %5 CaM2.1. Database (https://alphafold.ebi.ac.uk/)#E4T Fiill . M
CaM3.1 1 CaM5.1 584 H[Fl. Bk, CaM5.3 B CTD 4 "], FHillA CaM5.1 fIH)% 5 PDB H4Ri# f1)i%
Al g PHAS CaMS5.3 5 IQM3 &5 & 115 A . AR RALL, BAEE 2R, H N-bi & AH
2.4 CaM5.3 Mk R EEM) 401 2 /> EF-hand. C-3f & AHATH 2 /4~ EF-hand 4

N T HE— 50T CaMS.3 RES M, ARET  BIML TR PR, oI o8 KR )
R LA (R S5k, AfER FEWEC KRN E DS “W”; CaM5.3 5 CaMs.1 MHEL, C-imZ i T CTD.
¥ % PDB (https://www.rcsb.org/)H AL 1% & HEM XA CTD BIAF1E AT BESZ % 2R I A 5, it
H 25 TR 4544 . Kk, AU Alpha Fold Protein Structure 17 547 5 IQM3 K45 & .

T {75 B Model confidence
B 7B Very high (pLDDT>90)
{5 High (90>pLDDT>70)

& Low (70>pLDDT>50)
I 7R{E Very low (pLDDT<50)

Kl 4 CaM5.1 (A)5 CaM5.3 (B)FI Z4ES5H TN E . pLDDT: TR IDDT-Ca ft, fEAMREN R EERE, pLDDT i, EI5ME, pLDDT k%
ANZ X IR T RE AR IS A A I
Fig. 4 Predicted 3D structures of CaM5.1 (A) and CaM5.3 (B). pLDDT: Predicted value of IDDT-Ca, local confidence for each residue, the higher pLDDT the

higher confidence, and low pLDDT indicates that the region may be an independent non-domain.

2.5 CaM5.3 i CTD B#H T H 5 IQM3 &4 KM CMLI0 { CTD 5 CaM5.3 ) CTD [ MEEA(R, H

CMLI10 & —A 5 CaM & FEYEHEE M CML - AT B F & #: CaM5.3 Y CTD, 381F CaM5.3 ) CTD
KRG, HgiH 5 CaM5.3 ML, BR B 4 N EF-  J2FHES CaM5.3 5 IQM3 7ERE B 454 1 R A .
hand 4t, H C-RiuthF 1 /> CTD, 45 MEEKR U, B CML10 1) CTD i&E#:3 CaM5.1 ) CDS [ C-
BRIEH (B 5), ZPAI# I CML10 S8R H R Kin(&l 5), 18 pGADT7-CaM5.1-CTD w10 ¥ A%,
4% 157 il (Phosphomannomutase, PMM) ) 45 &1, 5 1QM3 #EATEEREXU A 2E 0 #T (K 6)-

CaMs.1 [:] EF-hand [:] EF-hand [:] EF-hand [:] EF-hand D
EF-hand [:] EF-hand m EF-hand l:] EF-hand

CMLI10 [:]EF hand EF-hand ' CMLI10 CTD
[:] EF-hand EF-hand [:] EF-hand [:] EF-hand CMLI10 CTD

& 5 CaM5.1. CaM5.3. CML10. CaM5.1-CTDcyy 1o 2 I3 520 A%

CaM5.3

E

EF-hand EF-hand

CaM5.1-CTDgy,

Fig. 5 Motif composition of CaM5.1, CaM5.3, CML10 and CaM5.1-CTDcwmr10
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P& 6 CaM5.1. CaMS5.3 Fil CaM5.1-CTDew1o 25 5 1QM3 IR RF 43S . 1: pGBKT7-53/pGADT7-T, FHYEXTER; 2: pGBKT7/pGADT7, BITEXTER; 3:

pGBKT7-IOM3/pGADT-CaM5.1; 4: pGBKT7-IQM3/pGADT-CaM35.3; 5: pGBKT7-IOM3/pGADT-CaM5.1-CTD ¢y 10+

Fig. 6 Yeast two-hybrid of IQM3 with CaM5.1, CaM5.3 and CaM5.1-CTDcmpi0. 1: pPGBKT7-53/pGADT7-T, positive control; 2: pGBKT7/pGADT?7, negative

control; 3: pPGBKT7-IOM3/pGADT-CaM35.1; 4: pGBKT7-I0M3/pGADT-CaM5.3; 5: pGBKT7-I0M3/pGADT-CaMS5.1-CTDcu10-
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